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Evaluation of RPF Scores 

Selection of Dmax 

In computing RPF scores for CASP10, we selected Dmax based on its sensitivity 

in distinguishing the accuracy of the overall structure. Supplementary Figure S1 shows 

the RPF scores for CASP9-T0570 target with Dmax ranging from 5 Å to 20 Å. Dmax = 9.0 

Å gives the highest discrimination for correct core fold, excluding the loop regions. For 

example, at 5.0 Å cutoff, the RPF DP scores for models 264_1 and 250_1 are very 

close, indicating that 5.0 Å mainly measures local information, while longer range of 

distances are needed for core fold comparisons. The 9.0 Å cutoff gives the largest 

differences in DP scores among the models with GDT_TS scores > 80 (e.g. 361_1, 

481_1, 276_1), > 50 (e.g. 250_1) and  < 40 groups (e.g. 264_1).  We also examined a 

set of CASD-NMR models 1 with different cutoff ranges and similar sensitivities were 

observed at the 9.0 Å cutoff. Ideally, we would like to find a cutoff, which can not only 

distinguish good models from bad models, but also find better models among the good 

models.  

Supplementary Figure S1 shows that at distance cutoff of 5.0, RPF is dominated 

by the local side-chain atom pair packing information. As the distance cutoff increases, 

the correctness of fold starts to contribute to the RPF score. We choose a distance 

cutoff of 9.0 Å, which seems to be a good balance of both global fold (main chain 

conformation) and also local side-chain information. For difficult targets with poor 

quality, the RPF score will be dominated by the main chain conformation, not the local 

side-chain packing. In comparing models which all have similar overall fold accuracy, 

the RPF score will give higher scores for models with better local side-chain packing.  
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A similar distance network based method, LDDT, was used in CASP92. The two 

major differences between RPF and LDDT methods are: (1) the LDDT is similar to the 

Recall measure of RPF, but LDDT uses exact distance comparisons (i.e. distance 

difference thresholds of 0.5, 1.0, 2.0 and 4.0 Å2), while RPF identifies distances as TPs 

if they are within a distance upper bound. (2) the LDDT score used a cutoff of < 5 Å in 

CASP9, which is more focused on local distance comparisons. For example, the CASP9 

LDDT-5 scores are 81.0 and 66.8 for targets 481_1 and 276_1, respectively, even 

though target 276_1 has a slightly higher GDT-TS score than 481_1.  The RPF DP  

score for 276_1 is slightly smaller than 481_1 at Dmax = 9 Å (Figure. S1). Even at Dmax = 

5.0 Å, the differences of RPF scores for 276_1 and 481_1 (0.6 and 0.64, respectively) 

are not as large as the differences of the CASP9 LDDT-5 scores (66.8 and 81.0, 

respectively), reflecting the generally high weight on local structure by LDDT-5.  For 

CASP10 assessment, the LDDT cutoff was increased to 15 Å in the result provided by 

the CASP Prediction Center.  

 

Comparison with GDT based methods  

The correlations among the DP score and GDT based methods are very strong. 

The Spearmanʼs correlation coefficient is 0.93 between the GDT_HA and DP scores. 

However, as illustrated in Supplemental Figure S4, for some structural differences (e.g. 

core packing) the DP score is more sensitive, while for other (e.g. helix tilt angles) the 

GDT-HA score is more sensitive. 

 

Loops – Flexible loop regions tend to have fewer close distances than core regions. 

Models with similar cores, but which differ in the loop regions may have similar RPF 
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scores. However, the GDT based measure will give a higher score for the model with 

loop conformation similar to the target structure. As an example, Supplemental Figure 

S4A shows two models with very similar core packing, but with very different loop 

structures, especially the N- and C-terminal loops. Model 113_1(green) has GDT_HA = 

67.73 and RPF=0.74. Model 101_1(cyan) has GDT_HA = 64.19 and RPF=0.81. Model 

113_1 is the top pick by GDT_HA, which has the best alignment at the N-terminal loops. 

RPF, on the other hand, identifies 101_1 as the top model, as it has more accurate core 

packing, although its N-terminal loop structure is quite different from the target structure.   

 

Helix Tilt Angles  - Distance network based measures will be less sensitive to the helix 

tilt angle than the GDT based measure. An example is shown in Figure S4B for AU 

target T0678-D1. Two models 079_1 and 237_1 have very similar fold. The helix cores 

of the two models are similar to the target structure, except that the helices have 

significantly different tilt angles. For both models, The GDT_HA scores are low (i.e. 

24.35 and 22.73 for 079_1 and 237_1), while the RPF-9 scores are higher (i.e. 0.56 and 

0.55, respectively), largely because the distance networks within the cores of helix 

packing are both similar to that of the target structure. However, the differences in RPF-

9 scores between prediction models 079_1 and 237_1 are relatively small because the 

main differences involve small differences in helix tilt angles, which do not significantly 

affect the RPF DP scores.  

 

Normalization against random structures 

Unlike other metrics used in CASP, the RPF score is normalized against a free 

rotating chain model. For this reason, RPF DP scores are very discriminative against 
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random structures. Random-like models will have RPF scores very close to zero. 

Structures with incorrect secondary structures or incorrect folds can even have negative 

RPF scores, indicating that they are even worse than random structures.  For example, 

CASP10 group 027 models for targets T0671 and T0705 contain mostly random loops 

(Supplemental Figure S3, right). The GDT_HA scores are 10.23 and 11.98 accordingly. 

The core structures of CASP10 group 237 for targets T0671-D1 and T0705-D1 are 

much similar to the target structures (Supplemental Figure S3, left) than CASP10 group 

027_1 models. The GDT_HA scores for 237_1 are 28.7 and 32.81 for T0671 and 

T0705, which is only about 3 fold higher than the scores for 027_1. The RPF-9 scores 

for T0671 are 0.57 for group 237 and 0.08 for 027_1; the RPF-9 scores for T0705 are 

0.49 for 237_1 and 0.09 for 027_1. The RPF-9 scores of 237_1 are about 5 fold higher 

than the RPF-9 scores of 027_1, demonstrating that the RPF-9 scores normalized to 

random structure (i.e. the RPF-9 DP scores) have stronger discriminating power than 

the GDT_HA scores against structures with random-like incorrect folds.  

The scatter plot of RPF raw scores (Supplemental Figure S5) for the 57 hAUs 

between the zhang (237) and LeeCon (027) groups suggests that the biggest 

differences in the RPF-9 DP scores are for targets T0671-D1 and T0705-D1 (discussed 

above), which influences the relative ranking of these two groups (Figure 4B and Table 

II) in the Human and/or Server group.  
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The columns labeled GDT-HA, GDC-all, RPF, and LDDT are the sum of Z scores across all models 
submitted by each predictor group.  The Sum column is the average of the sum of Z scores for the four 
metrics assessed.  The Avg-4s and Avg-4a scores are the Sum scored divided by the number of AUs for 
which a model was submitted (s) by each predictor group, and the total number of AUs used for 
assessment (a), respectively.  These scores are identical for predictor groups who submitted models for 
all 112 hsAUs. 
  

Supplementary Table S1.  Sum and Average Z-scores for All Server Predictor Groups –  112 hsAU 
Targets. 
!

! "#$#!

!"#$ !%#&'$( )*+,-. )*/,"(( 012 3**+ 45# .67%8" .67%89 :&(1;&
<.=>0,0?4>++.4>0@>0 AAB CBDEF GBD8H IIDGE ICDAJ GGDJF EDGE EDGE BAHDEJ

KL"M7,4$;6$; AAB C8DBA 8JD8A IJDCB GGDCH GADHF EDCC EDCC ACDGB
1:4 AAB FIDBA 8HDBF IBDI8 I8DEJ CJDFB EDCB EDCB BDEF

NO.0= AAA CEDGJ 8ADHA IED8E GEDGE CCDHE EDCE EDCE HD8E
--P;$',QL;$"' AAA 88DFH 8JDJH CEDGE CJDEC CED8J ED8C ED8G ,A88DBC
0"PQ&;R,KS AAB 8FD88 8BDA8 CFDHG 8IDBB 8GDGH ED8B ED8B ,IEDEJ
--P;$'. AAB 88DBE 8GDIE 8CDFE 8HDBA 8GDFC ED8A ED8A ,AFIDHE
--P;$'.N AAB 8EDJB 8FDJI 88DIF 8JDJJ 88DCJ ED8E ED8E ,AFHDIC
0"PQ&;R AAB 8BDHA 8FDCE 8BDGB FGDBF 8ADFB EDFI EDFI ,FGD8F

:O3+T/?:,!?@>3 AAB FADFE F8DJJ 8CDAA 8IDF8 FHDGG EDFC EDFC BIDCG
:O3+T/?:,0>2T!> AAB BIDIE FFDEF FHDI8 8BDCB FCDIC EDFB EDFB FEDHI
:O3+T/?:,/3O4+>0 AAB B8DFH FEDIB FHD8H 8AD8A F8DEE EDFE EDFE FED8G

+.44>0,@:+ AAB BHDAF B8DHF 8JDI8 BJDIC FBDJH EDBH EDBH ,JJDFJ
1U&M9: AAB B8DBA BCDCH 8FDGA FID88 FBDIA EDBH EDBH BIDA8

UL5MV,+.44>0 AAB B8DJC BHDBJ FJDIF FGD8B FBDFB EDBH EDBH ,BJDAH
1U&M9,M$Q AAB AFDHF BEDBC FBDJG BJDGG BFDHF EDBA EDBA GCDBF
:5W&(',:* AAB AEDIB AGDFC FBD8I FEDGF BBDC8 EDBE EDBE HFDHC

:O3+T/?:,/?!4+0O/+ AAB A8D8E AHD8B BGDEI BHDAA BBDBC EDBE EDBE AGD8J
:O2?3*,4$;6$; AAB AGDEC ACDHG BIDIE BFDIH BEDJJ EDAH EDAH ,AFDGH
4$&V,9$;6$; AAB AFDFA BFDCE ABDIA BCD8E AJDIF EDAI EDAI ICDBB

2.3/?!,+?1? AAB GDGI IDGI AIDC8 AADIB AEDHE EDAE EDAE ,FEDII
2.3/?!,+?1?,R AAB FDFC CDA8 AADIB CDHE GDCF EDEG EDEG ,FGD8B

1U&M9* AAA EDJH ,ED8B A8DBJ JDAC CDIF EDEC EDEC EDFG
1LX;$B%. AAB IDJJ CDFF BDBE GDBH CD8F EDEC EDEC ,JBDCI

K-?O,41.0=4,R AAB ,FDBE ,CDIG AAD8A JD8J BDIF EDEB EDEB ,GJDAA
S.4.0. IF ,IDEG ADIC 8DAE HDEE ADHC EDEB EDEF AGGD8E

4.:,+EJ,9$;6$; AEA ,AFDCB ,FDH8 ID8J IDGH ,EDCI ,EDEA ,EDEA AHDHB
0"PQ&;R,0&(( AB ,CDEG ,CDBH ,FDBH ,FDFG ,8DBC ,EDE8 ,EDFC ,ADFA
TMQ2?3*B AAB ,HDGG ,JDBB ,BDBJ ,IDHF ,IDEB ,EDEG ,EDEG ,8JDE8

<L"7$$;"QL%"YZMZQZ& C ,JDAF ,HDGI ,HD8I ,JDCG ,JDHG ,EDEJ ,ADIH FDFB
22.4EF#Q AEA AD8A ADCJ ,AHDEA ,BEDBB ,HDEG ,EDEJ ,EDEH ,BCDCG
9X9Z## CG ,FDAI ,ADAB ,AIDFA ,AIDHB ,HDJJ ,EDEH ,EDAJ HEDHG
*Z9QZ(( AAB ,FDGG ,JDCC ,ACDAC ,AFDF8 ,AEDAJ ,EDEH ,EDEH HDAF
9(YZ& AE8 ,ABDBC ,IDHC ,HDBI ,AIDE8 ,AADGF ,EDAE ,EDAA AEDCB

UL5&,W"#9,9$;6$; AAA ,AIDBH ,AADFH ,A8DB8 ,A8DBH ,A8DFE ,EDAF ,EDAF ,IFDBG
:.+0TR AEB ,AHDFH ,A8DCJ ,BBDIC ,AJDIE ,AJDJG ,EDAI ,EDAH 8BDGC
22.4EFU AAA ,A8DI8 ,AFDFJ ,BBDHB ,BCDEH ,AHDEF ,EDAI ,EDAI ,CIDHF

9"#UL",9$;6$; AEA ,B8DIB ,BBDEF ,ABDFF ,AJDEE ,AHDBI ,EDAI ,EDAH ,8CDJA
<Z("Y,>!.<3> AAB ,BGDJE ,BADIG ,B8DGJ ,BED8B ,BFD8B ,EDBA ,EDBA BADGF
)4#$Q"9$;6$; IE ,ACDFF ,A8DIF ,BJDH8 ,FCDEA ,BFDCE ,EDBA ,EDF8 ,8EDIC

L)$MF* AAB ,HD8I ,FEDBH ,BJDHA ,FBD8A ,BCDBI ,EDBF ,EDBF ,CJD8B
UL5&,;$P"UV,9$;6$; AAB ,BHDBF ,BADJC ,BHDHE ,FEDCF ,BIDJJ ,EDBC ,EDBC ,JADJC

!$[4$;W AAB ,AADGB ,BJDGB ,FCDHI ,FCDFB ,BIDJJ ,EDBC ,EDBC ,ICDGI
TMQ2?3* AAB ,BFDFH ,BIDFB ,FEDCA ,FBDJE ,BJDCA ,EDBG ,EDBG ,BIDH8
*Z9QZ((%;&(( AAB ,FIDE8 ,F8DBC ,B8DEI ,FBDFE ,FADHB ,EDBH ,EDBH FBDAI

F*,\T)4.]%@C,E AEJ ,BHDEC ,BBDBJ ,FHDC8 ,8EDEC ,FBDIF ,EDBH ,EDFE ,AGDHJ
.Q&#$B%/<4 AEA ,BJDHF ,BHDI8 ,FCDE8 ,8ADIC ,FFDJI ,EDFE ,EDF8 ,CHD8A
20>44%9$;6$; AAA ,CIDEA ,8HDGG ,JDJF ,BBDB8 ,F8D88 ,EDFA ,EDFA ,ACGDB8
22.4EFL^ AEF ,BJDCB ,BJDAA ,FGDCG ,8CDAE ,F8DCI ,EDFA ,EDF8 ,FBDAC
22.4EF AEB ,BFDCB ,BEDBC ,88DIG ,CEDBE ,F8DGJ ,EDFA ,EDF8 ,FCD8J
4+0T!)4 HH ,88DG8 ,88DHG ,BFDHE ,FFDAH ,FGDGI ,EDFF ,EDFI ,AEDHJ

:O2&('%/02 AEH ,FCDBB ,FGDBH ,FIDJI ,8EDIB ,FIDCF ,EDF8 ,EDF8 ,C8DJE
O)./4<3 AEB ,F8DFH ,8EDFA ,FIDGH ,FHD8J ,FIDHI ,EDF8 ,EDFI ,8FDFH

.?<.,9$;6$; AAE ,FGDH8 ,FJDFJ ,FCDAG ,8FDIB ,FJDCC ,EDF8 ,EDFC ,8GDBF
P"MQL$; JC ,8EDBC ,FHDFF ,CJDHA ,CGDGE ,8JDII ,ED88 ,EDCI ,CJDJI

10?+.)?0.4 H8 ,CEDII ,CBDEG ,C8DBE ,CADCH ,CBDAG ,ED8I ,EDCG ,CFDCB
\Z"M7%2&(' AAB ,CGDAH ,CIDCB ,8IDEJ ,8HDHE ,CBDGI ,ED8I ,ED8I ,CAD8H

4.:,+EG,9$;6$; AEA ,GCDCG ,CJD8J ,GED8J ,CBDEG ,CHDAC ,EDCF ,EDCH FBDBC
\Z"M7%4$;6$; AAB ,CED88 ,GCDCG ,GGDJH ,GID8E ,GBDCI ,EDCG ,EDCG ,CIDBJ
3$M9$;6$; FJ ,GADBG ,GBD8B ,IEDCI ,I8DIJ ,GIDBG ,EDGE ,ADII ,IGDEE

\Z"M7%+L;$"'$; AAB ,CGDEA ,GGDBE ,JFDFJ ,IJDJB ,IADAE ,EDG8 ,EDG8 ,CJDBA
U&MW5__F' 8A ,IEDGE ,GHDIB ,IBD8F ,IADJA ,IADA8 ,EDG8 ,ADI8 ,IEDFH

<L"7$$;"QL- AAA ,JIDCI ,JFDGC ,AEIDJJ ,H8DGF ,HFD8F ,EDJF ,EDJ8 HBDJJ
U&MW5__)4 CC ,HGDJI ,HCD8I ,HIDFB ,HGDI8 ,HGDGE ,EDJG ,ADIG ,ICDCE
-?:>0 J8 ,IGDHB ,JCDBG ,ABBDIJ ,ABCDGH ,AEBDGG ,EDHB ,ADBB CHD8A
0<?,:<4 AEI ,ACEDEG ,A8JDFJ ,A88DJF ,A8IDGG ,A8IDIF ,ADFB ,ADFJ B8BDIC
0<?,Z,:<4 AEJ ,ACADFH ,A8HDAI ,A8GDB8 ,A8ID8A ,A8JDCC ,ADFF ,ADFJ B8BDFC
0<?,:<4,<< AEJ ,ACFDGF ,ACFDBI ,ACEDBC ,ACEDCF ,ACADHB ,ADFG ,AD8A B8BDCC
0<?,Z,:<4,<< AEJ ,ACHDIG ,ACIDC8 ,ACCDCB ,ACGDGJ ,ACIDFJ ,AD8A ,AD8G B8EDIH  
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The columns labeled GDT-HA, GDC-all, RPF, and LDDT are the sum of Z scores across all models 
submitted by each predictor group.  The Sum column is the average of the sum of Z scores for the four 
metrics assessed.  The Avg-4s and Avg-4a scores are the Sum scored divided by the number of AUs for 
which a model was submitted (s) by each predictor group, and the total number of AUs used for 
assessment (a), respectively.  These scores are identical for predictor groups who submitted models for 
all 57 hAUs. 
 

Supplementary Table S2.  Sum and Average Z-scores for All Predictor Groups –  57 hAU Targets. 
!

! "#$%!
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The columns labeled GDT-HA, GDC-all, RPF, and LDDT are the sum of Z scores across all models 
submitted by each predictor group.  The Sum column is the average of the sum of Z scores for the four 
metrics assessed.  The Avg-4s and Avg-4a scores are the Sum scored divided by the number of AUs for 
which a model was submitted (s) by each predictor group, and the total number of AUs used for 
assessment (a), respectively.  These scores are identical for predictor groups who submitted models for 
all 57 hAUs. 
  

Supplementary Table S2.  Sum and Average Z-scores for All Predictor Groups –  57 hAU Targets. 
!

! "#$#!

!!!" #$%&'()#*()+,&-$(& ./ 012! .134 5123 4412! /103 6142 6142 2175

442" ,8#*&65*"9:;9: 0/ 01!3 71!5 5176 /1.5 7173 614! 6140 314!

4/5 <=>?@ .! !17/ 2107 71/5 3120 .1.7 6146 6144 !147

75 A)%B'& 46 2130 0174 0157 0100 0107 6165 610. 471/0

!.4 >?CD9:E9FG9:HI9G? 5 21!2 0126 2102 2174 2170 6167 6107 4/1/!

47. JK=LH(:C"M9:" 46 41.3 6175 0170 21/2 !177 616. 61!/ 451.6

!74" ,9KN*"9:;9: ./ .174 5132 *.17! 4156 !175 616. 616. 2!1.2

404 <?G9"H<## .. 4177 *61.4 .130 !156 !10/ 6160 616. *!213/

222" #$A)%B*,9:;9: ./ !160 !10. 4163 6135 4170 6162 6162 *31!5

02/ "CI?>?@ ./ 0157 0147 *41/3 *!13! 4165 616! 616! *415!

!57" #CDK>L*#B ./ *6170 6172 !1!4 41/0 6133 616! 616! 271!4

!36 O?>>F9: 4 61/2 6132 414/ 6133 6137 616! 6137 4157

0.2 PFKQ#'+ ./ *41!! *416. 01.! 4164 615! 6164 6164 0414!

!76 QDA$R& 3 6156 *61/3 4164 41.4 6172 6164 616/ *7144

204 (KFG9FL9:" 3 *416/ *6175 4132 414! 6122 6164 6160 4710/

26 &8$@=K=FDKCF=G 2 *6147 *612. *614. 616/ *614. 6166 *616. .177

46 &,>?@*:9D=F9 4 *6124 *61!. *6120 *610. *6120 *6164 *6120 41!2

5. 8FGM:KS=EHB:9?I" 3 *!166 *!10! 4152 617. *6103 *6164 *616. 4.13/

205" TMU:9!H8 ./ 4102 41!2 *.1!6 6165 *617! *6164 *6164 *0.16.

!3 "M="9F 02 *2176 *4154 61/5 4120 *615! *6164 *616! 0/150

!35 #=LQ?UAK>L=FV .6 4!157 /126 *5157 *401/0 *6157 *616! *616! *0/144

403 QDA$'P 46 *4157 *!10/ *414/ *41!5 *41/6 *6162 *614/ 441.3

!4. SSD>L 3 *413. *6136 *!1!/ *!102 *4153 *6162 *61!4 *61!0

605" <M?V99:?GMH?@=F=G=K ! *!143 *2127 *21.0 *!17! *!132 *616. *4107 617!

// A%)$B8, 04 *7100 */12. 610/ *!170 *2133 *616/ *6146 !71//

044" A8%()+*&)T) ./ *.16. *0105 *4153 *.126 *0145 *616/ *616/ *471.0

000 %9F:9VC>?: 2 *2105 *0167 *01/3 *7166 *01.5 *6165 *41.2 *7166

2.7" "U"=II !. *6170 !1!. *46122 *4!1.4 *.124 *6163 *61!4 0.16!

4!0" TEKF"B .7 *316! *31!0 61!. *012! *.1.5 *6146 *6146 *0105

2.5" -?SGK:W*-K>> 4! *714. *.13! *.1!. *.14. *.17! *6146 *610/ *!12!

004 O9AK>L#=X . *7147 *.13. *.160 *.100 *.17. *6146 *4142 51/!

424 <=K+?FKSK:9 46 *.15. *.140 *.1/7 *713! *.13! *6146 *61.3 *!1/6

244 %?CD9: 3 *710/ */176 *.173 *0122 *716! *6144 *617/ 516.

042" YZ)$*,T8-P,*W ./ *317. *461!! *!134 *!1!3 *71!/ *6144 *6144 *2510.

02 "9""=KF" .7 *44176 *4614/ *0165 *0156 */177 *6142 *6140 *26127

077 &?U>K: 3 */140 */1/. *3106 *7136 */156 *6140 *615/ *42172

2/2 P=IHP=M?:? ./ *4!12! *4!173 *21!0 *.14/ *5127 *614. *614. .714/

0.7" A8%()+*&)T)*W ./ *513! */13/ */170 *46156 *5152 *6147 *6147 *!!144

005 P'8,*RL?F"N 46 *3157 *46126 *51.5 *5124 *31!7 *6147 *6132 *4.103

6!5" [8,8-8 !2 *51/5 *4617! *46167 */17! *31!/ *6147 *6106 031.5

6/!" B="G=>> ./ *71.7 *71.5 *44170 *4!1.! *3122 *6147 *6147 *2146

!/2" 'FGA)%B! ./ *461!2 *5164 *46146 *461!2 *3170 *614/ *614/ *!710/

.4 GMU\]C 5 *3152 *31!/ *3100 *46122 *31/! *614/ *41!! *0172

030" R,I9G?"9:;9: 26 *71!3 *.15. *401!3 *45106 *441!4 *61!6 *612/ *431/6

4.. R:?M?I / *44163 *317. *44155 *4!1/0 *44120 *61!6 *417! *42142

!0 T)^#MKI9 2. *461!6 */15! *4016! *4016! *441.! *61!6 *6122 *!7125

26!" 2B*_'R,8OHJ.*6 .2 *5126 */1!! *47100 *!6122 *4216/ *61!2 *61!. *42140

4/." A-^,,H"9:;9: .7 *!61.4 *4/106 *46143 *.1.2 *42104 *61!0 *61!0 *521/0

435" EMCK*D?I"*"9:;9: .7 *401.7 *44106 *40135 *421/! *4217/ *61!0 *61!0 *0/104

4/! YM?FV*'-$ 0. *4/164 *45166 *461.4 *4214/ *4017/ *61!7 *6122 46510!  
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The columns labeled GDT-HA, GDC-all, RPF, and LDDT are the sum of Z scores across all models 
submitted by each predictor group.  The Sum column is the average of the sum of Z scores for the four 
metrics assessed.  The Avg-4s and Avg-4a scores are the Sum scored divided by the number of AUs for 
which a model was submitted (s) by each predictor group, and the total number of AUs used for 
assessment (a), respectively.  These scores are identical for predictor groups who submitted models for 
all 57 hAUs. 
  

Supplementary Table S2.  Sum and Average Z-scores for All Predictor Groups –  57 hAU Targets. 
!

! "#$%!

!"" #$% &! '()*+, '("*!, ')"*-! '(,*-" '(&*!, '"*), '"*). /,*)&
)+, 012#345 (! '(-*-) '(-*"! '(&*)! '(/*.! '(&*," '"*)+ '(*)( '()*")
((&6 6789: &/ '((*-. '+*/! '(,*(- ')&*-! '(&*,! '"*)+ '"*). ((*!&
))(6 $;:<=)>2?@ /+ '(/*," '(!*." '(,*&) '(.*++ '(-*&" '"*). '"*!/ '!+*)+
(-!6 AB=C!D &, '(-*!- '(.*(+ '(,*). '(+*/. '(,*+! '"*!( '"*!( '!)*!.
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(,.6 R=C6=JK=J (& '(,*)- '(,*!& ')-*)& ').*/( '))*&, '"*/" '(*&( '!"*""
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/.+6 GC;MORD &, ')"*-" '(.*+! '!(*"" '!(*," ')&*,+ '"*/& '"*/& '+*/,
(&) 2:JC=77'BNHC6T )/ ')+*-& ')+*() ')!*(( ')/*/! ')-*"+ '"*/- '(*". '!-*)&
!+(6 @$L'E"-'6=JK=J /, '),*/( ')!*.. ').*," ')-*(. ')-*+) '"*/, '"*&, (-*-!
"/"6 MM$@"! /+ '(+*!( '(!*+! '!,*/- '!.*-. '),*!) '"*/+ '"*&, '(,*&.
)+) W9HCX>YP<HC &, '!(*,! '!"*)! '),*.- '),*+. ').*/& '"*&) '"*&) ')-*+!
/,-6 $O?$'6=JK=J && '),*.- ')!*." '!)*)/ '!,*., '!"*&) '"*&/ '"*&- ')&*!"
)/- L=97=JRH8 )/ '!(*(+ '!"*)- '!/*() '!(*", '!(*-- '"*&- '(*!) ("*"(
/,( IAP:'89CN9CX'69;=6 &- '!"*/( '),*(+ '/"*/! '!+*&& '!/*(/ '"*-" '"*-( '&-*"/
)-& L9IJ:@P<HRH8 ), '!!*./ '!(*&( '!-*!" '!&*/, '!/*!( '"*-" '(*), ),*&"
"++6 SHC;A=J !, '!(*"( ')-*,/ '/)*!( '/(*.! '!&*&" '"*-) '"*.- '),*&!
/+) 89:PK )+ '!&*)& '!!*," '!.*/( '//*(. '!+*(/ '"*-, '(*!- '/+*-(
/-!6 W9HCX>M:7N &, '/(*/. '!.*/( '!.*(" '!+*!" '!.*&+ '"*-. '"*-. ')+*,)
((-6 YOLUF !+ '!(*-) '!(*+" '&"*&( '&-*)/ '/)*&/ '"*,& '(*() !"*.-
/(.6 W9HCX>@=JK=J &, '/(*.- '/!*). '/!*&& '/(*)/ '/)*&( '"*,& '"*,& '!)*/&
/)" YHCN7 !" '!!*!/ '!/*,+ '&(*"/ '&+*-( '//*// '"*,+ '(*/+ '-"*""
)/,6 ?AHX==JH;AY &, '/)*", '!+*,& '&&*!( '/.*)& '/-*!& '"*+( '"*+( /.*".
)"( E6H9RH8 &/ '/-*/) '//*,! '&(*(& '/.*++ '/+*"& '"*+/ '"*+. '!)*"(
)&+6 W9HCX>EAJ=HN=J &, '/&*,) '/-*!) '&-*"/ '&)*-+ '&"*(. '"*++ '"*++ '!!*)"
/,/ Z$2>R$?@ &, '/.*"- '/&*.( '&.*!. '&!*,) '&)*") '"*.( '"*.( )*..
((( @G$E("-+ &- '&"*,( '/-*,, '-/*," '&&*&- '&/*// '"*.- '"*., '),*)/
)&. $R$N=B$# && '&!*-" '&"*(- '--*!, '-(*)- '&,*+& '(*") '(*"& '(!*-/
)&/ 2H6SG;H &- '&&*+, '/.*") '-.*(! '-&*!) '&.*+/ '(*"& '(*", .*&,
/!! @PC>E69CXAPH /( '-"*)+ '&&*&) '&,*!( '-,*+, '-"*)& '(*"- '(*/, '--*/-
(.&6 F?O'L?@ &- '-!*)! '&.*&! '&.*+. '-!*)& '-(*/+ '(*"+ '(*(" (!&*&/
/.)6 F?O'9'L?@ &, '-&*", '-(*./ '-"*+. '-/*), '-!*"/ '(*(( '(*(( (!+*(/
((, L??@ &- '-(*-. '&,*+, ',)*&+ '-,*-" '-/*./ '(*(/ '(*(- '(.*!!
(."6 F?O'L?@'?? &, '-,*,) '-/*," '-/*+& '-,*"& '--*"+ '(*(- '(*(- (!-*(,
(",6 F?O'9'L?@'?? &, '-+*-. '-&*)/ '--*-! '-.*!) '-,*/, '(*(+ '(*(+ (!&*(-
!,- R9;:CXAPH &- ',"*./ '-/*.) ',,*-) '+&*(, ',/*-- '(*!( '(*!! '((*&/  
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The columns labeled GDT-HA, GDC-all, RPF, and LDDT are the sum of Z scores across all models 
submitted by each predictor group.  The Sum column is the average of the sum of Z scores for the four 
metrics assessed.  The Avg-4s and Avg-4a scores are the Sum scored divided by the number of AUs for 
which a model was submitted (s) by each predictor group, and the total number of AUs used for 
assessment (a), respectively.  These scores are identical for predictor groups who submitted models for 
all 15 TBM_hard AUs. 
  

Supplementary Table S3.  Sum and Average Z-scores for All Predictor Groups –   
15 TBM_Hard Targets. 
!

! "#$%!
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Supplementary Figures 

 

 

Figure S1.  Selection of Dmax.  DP scores of a CASP9 target T0570 for values of Dmax 

ranging from 5 to 20 Å are shown for models 264_1, 250_1, 276_1, 481_1 and 361_1. 

The corresponding GDT-TS scores for each model are also shown as inset in the graph. 

The best discrimination between these models is obtained with Dmax = 9.0 Å (indicated 

by the Dmax value labeled *).  This Dmax shows optimum discrimination for models in 

several accuracy ranges, including among the models with similar GDT_TS scores ≥ 80 

(e.g. among models 361_1, 481_1, 276_1), models with 40 < GDT_TS < 80 (e.g. model  

250_1) and models with GTD_TS ≤ 40 groups (e.g. model 264_1).   
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Figure S2.  Head-to-head pairwise Wilcoxon rank sum analysis on raw scores 
between 25 top-ranking server competitor groups for 112 hsAUs.  We carried out 

the Wilcoxon signed rank test of the two paired samples using the same dataset used 

for the rankings shown in Fig. 4A. Ties receive a rank equal to the average of the ranks 

they span, and normal approximation was used to calculate the p-value because the 

number of samples is larger than 50. Black, GDT-HA; red, GDC-all; green, RPF-9; blue, 

LDDT-15.  Top-ranking 25 groups were identified based on average Z score (Table I).  
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Figure S3.  Ribbon diagrams of models 237_1 (left), 027_1 (right) and the target 

experimental structures (middle) for CASP10 AU targets (A) T0671-D1 and (B) T0705-

D1. Beta sheets are colored in red, helices are colored in cyan and loops are colored in 

magenta. 
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Figure S4.  (A) Left: Superimposed ribbon diagrams of CASP10 prediction models 

101_1(cyan) and 113_1(green) for target T0644-D1. Right: the target experimental 

structure (red) (B) Left: Superimposed ribbon diagram of CASP10 prediction models 

from 237_1 (green) and 079_1 (cyana) for AU target T0678-D1. Right: the target 

experimental structure (red). 
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Figure S5.  Scatter plot of RPF DP raw scores for all the Human and/or Server 

AUs between groups 237 and 027. 
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Figure S6.  Raw scores are more sensitive to outliers than Z scores.  We 

considered two commonly observed scenarios. In the first example, observed for AU 

T0726_D2 (top two panels), the predictions fall into two distinct groups (i.e., either Good 

or Bad predictions). Clearly, the distribution of the raw scores violates the normal 

assumption and the normalized Z-score is not appropriate for the head-to-head 

comparison. More specifically, for T0726_D2, one group has a prediction with GDT-

HA=74.69, Z-score (GDT-HA)=1.76, and another group has a prediction with GDT-

HA=29.40, Z-score (GDT-HA)=-0.04. Their raw score difference is 45.29 and Z-score 

difference is 1.8. The raw score difference is quite large, while the Z score difference is 

relatively small.  The second scenario is observed for AUs including T0757_D1.  Here, 

all the groups have similar predictions, therefore the spread of the raw scores is quite 

narrow, and Z-score tends to over-estimate the degree of divergence.   For T0757_D1, 

one group has a prediction with GDT-HA = 67.11, Z-score(GDT-HA) = 1.58, and the 
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other group has a prediction with GDT-HA = 57.59, Z-score(GDT-HA) = -0.21. Their raw 

scores difference is 9.52 and Z-score difference is 1.79.  This is about the same Z score 

difference as the predictions for AU T0726_D2, but with a much smaller raw score 

difference. These data demonstrate our common observation that raw scores can better 

discriminate certain scenarios than the Z-scores.  
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